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17
The subjective quality tests are performed through IPCR to efficiently quantify noise reduction 18 effects on speech quality. Objective measures including frequency-weighted segmental signal-to-noise 19 ratio (fwsegSNR), perceptual evaluation of speech quality (PESQ) and hearing aid speech quality 20 index (HASQI) are adopted to predict the noise reduction effects.
21
Results show little difference in speech quality between the SCS and the Wiener filter algorithm 22 but a difference in quality rating between the HI and NH listeners. HI listeners generally gave better 23 quality ratings of noise reduction algorithms than NH listeners. However, SCS reduced the noise more 24 efficiently at the cost of higher distortions that were detected by NH but not by the HI.
25
SCS is a promising candidate for noise reduction algorithms for HI. In general, care needs to be 26 taken when adopting algorithms that were originally developed for NH participants into hearing aid 27
applications. An algorithm that is evaluated negatively with NH might still bring benefits for HI 
40
Hearing-impaired (HI) people typically require a speech-to-noise ratio (SNR) that is at least 3-6 dB 41
higher to achieve the same degree of speech intelligibility (Alcantara et al., 2003; Plomp, 1994 ) than 42 normal-hearing people. Therefore, noise reduction algorithms in hearing aids are one critical factor to 43 increase hearing aid (HA) uptake and ultimately to improve the quality of life for the HI.
44
Although microphone arrays have been shown to improve speech perception, their performance 45 is only significant with a large microphone array (Kates et al., 1996; Levitt, 2001; Schum, 2003 because their average long term spectrum is similar to the speech signal.
157
The structure of this paper is as follows. Firstly, the methods of the two noise reduction indicates that the quality intervention by the algorithm is equivalent to an increase of SNR by 4 dB.
268
This way, the subjective quality rating can be interpreted by an objective equivalent SNR value.
269
There were a total of eight conditions in this experiment (see Table 1 (Fig. 6(a) ), it introduces distortions, and this is reflected by the reduced PESQ scores. 
421
Improvements were generally smaller for speech intelligibility than for quality. This is the case 422 for all four plots, which means that both noise reduction algorithms improve speech quality more than 423 speech intelligibility. However, this does not necessarily mean that these two effects do not contribute Table 1   629 Combinations of speech-to-noise ratios used for the various types. 630 631 Table 2 632 Age, tested ear, cause of hearing loss and hearing aid experience of the listeners with hearing losses.
633
All of them are bilateral hearing impaired. Table 3 Median values for SNR-improvement (in dB) for the rating categories "preference" and "noise loudness". ** indicates significant SNR-improvement >5 dB, * indicates significant SNR-improvement >0 dB.
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Rating Category Hearing
Level CS-WF CS-WF SCS SCS SSN Babble SSN Babble
Preference (dB) NH 5.9** 7.3** 8.8** 3.1* HI 10** 9.9** 10** 10** Noise Loudness (dB) NH 9.1** 9.7** 10** 10** HI 9.8** 10** 10** 10** M A N U S C R I P T Table 4 Objective and subjective noise reduction effects (dB) for babble noise and speech shaped noise. Improved frequency-weighted segmental SNR (fwsegSNR) and subjectively estimated with IPCR method for 'preference' criterion from normal hearing group. 
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• A sparse coding shrinkage (SCS) algorithm on speech quality was evaluated.
• A method called Interpolated Paired Comparison Rating (IPCR) was adopted.
• The subjective measures were quantitatively compared with the objective measures.
• There was no large difference in quality between the SCS and the Wiener filtering.
• There was a difference in quality between hearing impaired and normal hearing.
